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Recurrent vulvovaginal candidiasis (RVVC) is a relapsing vaginal fungal infection caused by Candida species. In 57% of

the cases, relapses occur within six months after fluconazole maintenance therapy, which is the current standard of care.

The pathogenesis of RVVC is multifactorial, and recent studies have demonstrated that the vaginal microenvironment and

activity of the immune system have a strong influence on the disease. 
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1. Introduction

Vulvovaginal candidiasis (VVC) is a vaginal fungal infection confirmed to be caused by Candida species, in most cases

Candida albicans . A total of 75% of women develop vulvovaginal candidiasis at least once in their life . The symptoms

related to vulvovaginal candidiasis are pruritus, soreness, irritation, dyspareunia, vaginal discharge, and discomfort.

Clinical signs are exemplified by vulva erythema, edema, excoriation, and fissure formation, together with introital and

vaginal erythema . A non-malodorous clumpy white discharge is suggestive of VVC but is extremely nonspecific .

Women also report loss of confidence and self-esteem, inability to carry on with their normal physical activities, and

difficulties with their sexual life and intimate relationships . It also has a profound effect on the quality of life of affected

women with additional systemic symptoms including depression and anxiety . The definition of recurrent vulvovaginal

candidiasis (RVVC) is at least three symptomatic episodes in the last 12 months . RVVC affects about 138 million

women per year worldwide (range of 103–172 million), with a global annual prevalence of 3871 per 100,000 women .

The highest prevalence (9%) is seen in women of an age between 25 and 34 years old. It is estimated that the population

of women with recurrent vulvovaginal candidiasis will increase to almost 158 million in 2030 .

RVVC is a multifactorial disease whose symptoms are governed by the interaction between Candida (species and

virulence factors), the Lactobacilli population, the micro-environment (inflammatory status, oxidative stress, estrogen), and

the host (immune status, behavioral factors, genetic factors). A disbalance in any of these factors may induce RVVC .

VVC is according to the Clinical Practice Guidelines treated with topical or oral antifungals, of which azoles (miconazole,

clotrimazole, and fluconazole) are the most commonly prescribed . Notably, there is an increase in resistance of

Candida species towards antifungal agents, causing multidrug resistance to emerge, while the long-term efficacy of

antifungal agents is limited . Therefore, an urgent need for alternative or complementary therapies to effectively treat

RVVC and prevent it from recurrence is needed. It is important to know more about the etiology of RVVC, the different

treatment options, and their efficacy to understand how novel therapies could improve the clinical outcome and quality of

life.

2. Diagnosis of RVVC

RVVC is often overdiagnosed or misdiagnosed when the diagnosis is only based on clinical symptoms, which are non-

specific. Laboratory testing is necessary to confirm the diagnosis of VVC, because self-diagnosis based on symptoms has

an accuracy rate of only 28% for Candida albicans in self-treating women, making over-the-counter (OTC) antifungals

often ineffective . The golden standard for the diagnosis of VVC is by culturing the cells. It is also possible to use

microscopy to identify yeast cells and hyphae. Gram staining of vaginal discharge mixed with potassium hydroxide (KOH)

is used to distinguish Candida yeast cells and hyphae, which is relevant to the stage of the pathogenesis. The pH of the

vaginal discharge is also an important indicator and normally stays within a range of 4.0–4.5. A pH above 4.7 is indicative

of other infections such as bacterial vaginosis, trichomoniasis, or mixed infections . For further differentiation

between Candida species, additional culturing is needed, e.g., with chromogenic agar or Sabourad’s dextrose agar.

However, culturing is not the most selective procedure, and molecular methods such as sequencing of the internal

transcribed spacer (ITS sequencing) or matrix-assisted laser desorption ionization time-of-flight mass spectrometry
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(MALDI-ToF MS) are needed to identify the specific species . This is especially relevant in the case of RVVC, in

which non-albicans species (NAC) are becoming more prevalent. Similarly, susceptibility testing may be of adjuvant need

in RVVC, as these infections are more resistant to antifungal agents .

3. Pathogenesis of RVVC

The pathogenesis of VVC is a gradual process that goes through several stages, from adherence to the vaginal

epithelium, recognition (caused by a burden threshold of hyphae), becoming invasive, the possibility of biofilm formation,

and dispersion of planktonic cells that reinitiates the complete process (see Figure 1).

Figure 1. Biofilm formation of Candida species during the pathogenesis of (R)VVC. Yeast cells adhere to the vaginal

epithelium and subsequently form hyphae, which together with secretion of Candidalysin determine recognition by the

immune system and drive damage and vulvovaginal immunopathogenesis. Invasion of the Candida follows through

hyphal extension, relying on both the strain and host factors. Next, biofilms can start to form, from which Candida cells

can be released (dispersion) as planktonic cells and reinitiate the complete process.

3.1. Adhesion

The most important phase of the initial contact between potential pathogen and host is the adherence of yeast cells to

epithelial cells. Consequently, an interaction follows between epithelial receptors and Candida adhesins. These Candida
adhesins vary depending on the morphological status of the Candida, i.e., yeast or hyphae . After this initial contact,

hyphae will grow out of the yeast cells, which is the first step in the pathogenesis . The progress of the infection is

determined by the hyphal-expressed adhesins that play a key role in the pathogenesis .

3.2. Recognition

The fact that Candida species have a dual lifestyle as both a vaginal commensal and opportunistic pathogen requires

epithelial cells to have a mechanism to discriminate between the colonizing yeast and the invasive hyphal form .

Candida species can be recognized via two different pathways. The first phase is represented by an early transient

response that occurs in a morphologically independent manner. The second phase starts when a burden threshold of

hyphae is reached; this is a stronger response to hyphae, which in turn leads to activation of epithelial cells and the

production of cytokines, chemokines, and other inflammatory mediators . The hyphal burden plays a significant role in

affecting epithelial activation because the presence of hyphae goes undetected below a certain threshold level. This is

supported by in vivo experiments in a murine model of vaginitis, where the hyphal form was needed to cause damage to

the epithelium, releasing pro-inflammatory cytokines and neutrophil recruitment .
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3.3. Invasion

Invasion of Candida species can occur with the help of invasins after a switch from the yeast to the hyphal form .

Invasion into host cells can be achieved by endocytosis or active penetration . This consequently leads to damage to

the epithelial cells via necrosis and apoptosis, hence loss of epithelium. An in vivo study demonstrated a significantly

lower cell damage caused by non-hyphal mutants compared to hyphal mutants .

3.4. Biofilms

Biofilm formation may be the main etiological factor contributing to antifungal resistance and is a likely contributor to

treatment failure in RVVC . It is suggested that the ability to form biofilms is a major virulence trait of Candida
species in the pathogenesis of VVC . After the invasion stage, an extracellular matrix (ECM) may be developed,

which results in a ‘biofilm’ that encapsulates the Candida cells. This ECM consists of exopolymeric macromolecules,

including polysaccharides, proteins, lipids, and nucleic acids, which are secreted by sessile cells within the biofilm. A

mature biofilm is characterized by a structured mixture of yeast-form and hyphal cells surrounded by ECM, and it provides

protection for the yeast against environmental challenges. In the final stage, the biofilm slowly disperses yeast-form cells

into the surrounding, which may be able to colonize other surfaces .

4. Risk Factors of RVVC

4.1. Imbalanced Vaginal Microbiota Composition

Alteration in the mucosal ecosystem leading to fungal dysbiosis can lead to (R)VVC and its symptoms . A healthy

vaginal microflora consists of different microorganisms, mainly Lactobacilli, but also accommodating fungi such as

Candida albicans and Candida glabrata, living in symbiosis. Lactobacilli species play an important role in maintaining a

healthy vaginal microbiome . Through their presence, Lactobacilli species decrease opportunism of potentially

pathogenic microorganisms by microbial competition, which reduces the adherence of Candida species to the vaginal

epithelium .

When the healthy microbial balance is disturbed, Lactobacilli may lose their ascendancy, and other microorganisms, such

as Candida albicans, can foster and cause overgrowth. Multiple factors can alter the vaginal microbiota and disturb the

balance between tolerance and invasion of Candida species. Important drivers for the pathogenesis of VVC are changes

in the Lactobacilli community, elevated estrogen levels (i.e., due to oral contraceptives, hormone replacement therapy

(HRT) used in post-menopause, being in the luteal phase of the menstruation cycle or pregnancy), an elevated pH, and

the presence of glucose and eicosanoids (such as prostaglandin E2 and thromboxane B2). Other determinants have an

inhibitory effect on VVC such as lactate and the presence of short-chain fatty acids such as acetate, butyrate, and

propionate B .

4.2. Host-Related Predisposing Factors

A broad spectrum of host-related predisposing factors such as genetic background, (uncontrolled) diabetes mellitus,

altered immune status, use of steroids, and antibiotics therapy, as well as behavioral factors such as sexual activity,

hormone replacement therapy, and use of contraceptives including intrauterine devices, have been associated to promote

VVC pathology .

4.3. Idiopathic RVVC

There are no predisposing factors in 20–30% of the RVVC patients. It is suggested that the Candida strain, its virulence,

and inter-individual differences play a key role in idiopathic RVVC pathogenesis . Several epidemiologic and cohort

studies demonstrated that genetic mutations and polymorphisms and ethnicity play a role . Moreover, NAC species

are also associated with recurrent infections in VVC patients, likely because of their natural resistance towards azole-

based antifungal agents .

5. Treatment of RVVC

5.1. Resistance towards Fluconazole

Since fluconazole is fungistatic rather than fungicidal, there is an increased opportunity to develop acquired resistance in

the presence of this antifungal . There are several challenges in fluconazole treatment such as an increase in

antifungal resistance and VVC caused by NAC species, as well as the existence of biofilms . Epidemiologic studies
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confirm that mostly all women diagnosed with fluconazole-resistant Candida albicans were previously exposed to

fluconazole .

5.2. Unnecessary and Inappropriate Use of Fluconazole

Fluconazole is a commonly used antifungal agent and is easily accessible, which increases the risk of developing

resistance. For example, the over-the-counter availability of antifungal agents combined with the frequent empiric

prescription of fluconazole for sporadic VVC and the frequent use of a low weekly dose of fluconazole as a maintenance

regimen facilitates fluconazole-resistance by Candida species, subsequently leading to RVVC . Long-term

maintenance therapy should be based on diagnostic confirmation to avoid unnecessary and inappropriate use .

5.3. Non-Albicans Species

VVC caused by NAC species is increasingly common due to overuse and misuse of antifungal agents .

Furthermore, a major concern regarding the increased incidence of VVC caused by NAC species is that such infections

are often more difficult to treat because they are less susceptible to azoles and are more frequently resistant .

5.4. Biofilms Complicate RVVC Treatment

The biofilm formation in the pathogenesis of VVC provides elevated virulence and resistance towards antifungal therapy

such as fluconazole . A 1000-fold higher resistance profile of biofilms compared to their planktonic counterparts

has been described . Biofilms are also less sensitive to eradicate by the host immune system. A study of clinical

isolates obtained from women with at least two episodes of VVC confirmed a lower antifungal susceptibility for biofilms in

comparison with the planktonic antifungal susceptibility .

6. Medical-Grade Honey as an Alternative Treatment Option

The high recurrence rate of complaints after fluconazole treatment may be attributed to the fact that fluconazole only

interacts with the yeast, hyphae, and invasive Candida stages (Figure 2). In contrast, when an established biofilm is

present, the ECM prevents the fluconazole from reaching the Candida cells, and therefore it will not have an effect on

biofilms . Moreover, fluconazole does not affect the vaginal mucosal response . Since ancient times, honey has

been used for wound treatment and care because of its antimicrobial and wound healing activities. Acquired azole

resistance, the epidemiological shift from Candida albicans to NAC species, and the existence of biofilms demand better

treatment options. Medical-grade honey (MGH) could be an accessible, effective, and affordable option . To assure the

safety and efficacy of honey for clinical application, strict guidelines are followed to establish MGH . MGH is effective in

acute and chronic wounds and provides rapid epithelization and wound contraction, has anti-inflammatory activity,

stimulates debridement, decreases pain, resolves infections, decreases wound healing time, and is cost-effective . The

use of honey for reducing biofilm formation on indwelling plastic devices such as urinary catheters are also considered,

but more research is needed .

Figure 2. Differential antipathogenic activity of fluconazole and MGH on the pathogenesis of RVVC.
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As mentioned before, four key factors determine the progression and development of RVVC: the presence of Candida,

the population of Lactobacilli, the microenvironment, and host-related factors. In contrast to fluconazole, MGH may affect

all these factors via multiple mechanisms (Figure 2, Table 1).

Table 1. Overview antipathogenic activity of fluconazole and MGH.

Characteristic Fluconazole MGH

Candida albicans + +

(Increased raise in VVC caused by) NAC species − +

Biofilms − +

Increased resistance − +

Microenvironment/vaginal mucosal response − +

Lactobacilli − +−

pH − +

Osmotic effect − +

Antimicrobial + +

Anti-inflammatory − +

Antioxidative − +

−: no effect; +: positive effect; +−: possible effect.

Detailed mechanisms of how MGH affects the indicated pathways are described in the original manuscript. Extensive pre-

clinical and clinical literature is discussed that supports that MGH is a promising treatment for RVVC. In addition, a new

randomized-controlled trial (clinicaltrials.gov NCT04626258) is presented that intents to investigate the mycological and

clinical cure and the prophylactic efficacy of the MGH-formulation L-Mesitran Soft in relation to the standard of care

(fluconazole). L-Mesitran Soft is CE- and FDA approved and contains 40% MGH and different supplements that

consistently have demonstrated to enhance the antimicrobial and wound healing activities. 

7. Conclusions

The population of women with RVVC is estimated to increase over the coming years. The most commonly used treatment

for RVVC is fluconazole, which it seems will become inadequate in the future due to increasing resistance to fluconazole,

the rise of NAC species, and the existence of biofilms. MGH might be a promising treatment in VVC and RVVC. In

contrast to fluconazole, MGH is expected to have multiple beneficial mechanisms. In addition to the antifungal activity on

Candida, MGH can likely also eliminate antifungal-resistant Candida species, including NAC species, and eradicate

biofilms. Moreover, MGH can modulate the microenvironment by its anti-inflammatory and antioxidative activity. In vitro

studies and clinical studies demonstrated honey as a promising alternative therapy for RVVC. More research is needed to

investigate the exact clinical efficacy and the long-term cure rate of MGH; as proposed, this will be further investigated in

a randomized controlled trial.
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